Abstract Objectives This study examined the rate of tobacco use (cigarette smoking and smokeless tobacco [ST]) at three time points: during the 3 months before pregnancy, during pregnancy, and at 6 weeks postpartum among Alaska Native women residing in the Y-K Delta region of Western Alaska. Methods A retrospective, non-randomized observational cohort design was utilized. The sample consisted of 832 Alaska Natives (mean maternal age = 26.2 years, average length of gestation = 3.8 months) seen at their first prenatal visit and enrolled in the women, infant, and children (WIC) program at the Yukon-Kuskokwim Delta Regional Hospital in Bethel, Alaska, during a 2-year-period (2001)(2002). Tobacco use was assessed using an interview format at the first prenatal and at the 6-week postpartum visits. Results The rates of any tobacco use were 48% (95% CI 45%, 52%) 3 months before pregnancy, 79% (95% CI 76%, 82%) during pregnancy, and 70% (95% CI 67%, 74%) at 6 weeks postpartum. The proportion of women using ST changed significantly (P \ 0.001) over the three time points (14%, 60%, and 61%, respectively) as well as the proportion of women who smoked cigarettes (P \ 0.001) (40%, 42%, and 19%, respectively). Conclusions This study documents the high rate of tobacco use, particularly ST use, during pregnancy among Alaska Native women. Development of tobacco use prevention and cessation interventions during pregnancy for Alaska Native women is warranted.
Introduction
In 2000, cigarette smoking during pregnancy was most prevalent among American Indian and Alaska Native women (20%) followed by non-Hispanic Whites (16%), non-Hispanic Blacks (9%) and Hispanic women (4%) [1] . Few studies [2] [3] [4] have documented the rates of smokeless tobacco (ST) use or cessation during pregnancy, but the rate of ST use among females in the US population (0.4%) is very low [5] . Maternal use of ST is queried on birth certificates only in two states (Alaska and Oregon), and on the pregnancy risk assessment monitoring system (PRAMS) only in Alaska [6] . However, data aggregated at the state and national level can mask the high ST use patterns among select subpopulations [5] . Studies conducted among small, select samples of Alaska Native women residing in the Yukon-Kuskokwim (Y-K) Delta of Western Alaska estimate that over half use ST or smoke cigarettes during pregnancy [7, 8] . The current study examined the rate of tobacco use before, during, and after pregnancy in a large sample of Alaska Native women residing in Western Alaska.
Tobacco use was not originally part of the Alaska Native culture. Early English explorers arriving in Kuskowkim Bay in 1778 discovered that tobacco was unknown to Alaska Natives of this region [9, 10] . Tobacco became a regular trade item from Siberia to Alaska after 1800. The Russians built a trading post along the Kuskokwim River in 1841 where tobacco became one trade item of lasting importance. In the late 1800s, detailed historical accounts about tobacco use in the region noted that men, women, and children used snuff and chewing tobacco, and men smoked tobacco in pipes. Chewing tobacco was made by shredding leaf tobacco and mixing it with ash from birch fungus [9, 10] . Known as Iqmik, this homemade form of chewing tobacco is the most common form of ST used among Y-K Delta Alaska Native people [11, 12] . However, Alaska Natives do not use Iqmik or other tobacco products for ceremonial purposes [11] [12] [13] .
Focus groups and individual interviews with Y-K Delta Alaska Natives indicate that Iqmik is perceived as stronger and more satisfying than other forms of tobacco [13] . Because of the high pH (10.9) of the fungus ash, almost 100% of the nicotine in Iqmik is in the freebase form [12] . This allows for rapid absorption of nicotine across the buccal mucosal membrane, which likely contributes to the addiction potential of Iqmik. In a prospective pilot study of 60 pregnant women of this region [7] , we found that, at delivery, mean maternal serum cotinine concentrations were significantly higher for those using Iqmik only than for women who used other tobacco products (167 ± 116 vs. 81 ± 100 ng/ml). Cord blood cotinine concentrations were also significantly higher for infants born to mothers who used only Iqmik versus other forms of tobacco. The maternal cotinine concentrations were almost five times higher than the average (32.9 ng/ml) observed in mothers who smoked cigarettes before delivery [14] . Nonetheless, our qualitative work suggests a lack of knowledge among Alaska Natives about the health effects of Iqmik use [12, 13] . Most pregnant women who participated in our focus groups who smoked cigarettes before pregnancy reported they switched to Iqmik when they learned they were pregnant, and none believed that Iqmik would cause any adverse effect for her fetus [13] . One reason Iqmik is perceived as safer is because it contains mostly ''natural'' ingredients (e.g., ash).
The aims of this study conducted among Alaska Native pregnant women residing in Western Alaska were: (1) To estimate the proportion of women using tobacco (cigarette smoking and ST) during the 3 months before pregnancy, during pregnancy, and at 6 weeks postpartum; (2) To examine changes in cigarette consumption during pregnancy and at 6 weeks postpartum among women who smoked cigarettes before pregnancy; (3) To examine differences in maternal age between tobacco users and nonusers before pregnancy; and (4) To examine the association between age and tobacco abstinence status during pregnancy and postpartum.
Methods

Study Design
This study was approved by the Yukon-Kuskokwim Health Corporation, Alaska Native Tribal Health Consortium, Alaska Area IRB, and the Mayo Clinic IRB. We utilized a retrospective, non-randomized observational cohort design. We used existing data collected for women seen at their first prenatal visit and enrolled in the women, infant, and children (WIC) program at the Yukon-Kuskokwim Delta Regional Hospital (YKDRH) in Bethel, Alaska, between 2001 and 2002. A de-identified WIC database was obtained from the State of Alaska.
Study Setting
The Y-K Delta covers an area in Western Alaska about the size of the state of Ohio with a total population of 25,000. The village of Bethel (population 6,000) is the regional hub for the 58 villages comprising the Y-K Delta region. Approximately 94% of the population outside of Bethel is Alaska Native-either Yup'ik or Cup'ik-and is fairly homogenous with respect to socioeconomic status, language, and culture. Most residents live subsistence lifestyles, hunting and fishing and gathering berries and plants, and receive some monetary assistance from the federal and state governments. The 58 villages are not linked by a common road system and are accessible only by boat, airplane, or snowmobile. The majority of residents of this region receive their health care through the villagebased health aides and the YKDRH. The Yukon-Kuskokwim Health Corporation is a private, non-profit 501(c) [3] organization that owns and operates the YKDRH through the Indian Health Service P.L. 93-638.
The WIC program at the YKDRH is a federally funded program, directed by one of our co-authors (E.O.). The program does not include prevention of or intervention for tobacco use. However, each woman was provided with a brochure on the risks of tobacco use of all forms during pregnancy, and she was advised to quit using tobacco.
Study Sample
The sample consisted of all Y-K Delta women enrolled in the WIC Program at their 1st prenatal visit between January 1, 2001 and December 31, 2002 who met the criteria for inclusion in the study. Deliveries occurred from 2001 to 2003, during which time there were 1,801 deliveries. Inclusion criteria were: [1] were Alaska Native; [2] enrolled in WIC during prenatal care 2001-2002 and re-enrolled in WIC postpartum; [3] had complete data on their tobacco use status at all three time points-before, during, and after pregnancy; and [4] had data on length of gestation. A total of 832 women form the basis of this report.
Nearly all (96%) women from the Y-K Delta region are seen for prenatal care at the YKDRH. Of those seen for prenatal care, 95% enroll in the WIC program. Reasons for not enrolling in WIC are lack of information that the woman is eligible, lack of knowledge of the benefits of being in the program, or choosing not to be in the program for stigma (common for teen moms). Of women who are seen for prenatal care in Bethel, about 70% return for a 6-week postpartum visit, and among these women, re-enrollment in WIC is excellent (99%). In addition to not returning for a postpartum visit and moving out of the area after delivery, reasons for not re-enrolling postpartum are similar to those noted above.
Clinical data indicate that 1,672 women enrolled in WIC during the period 2001-2002 (362 during their 1st trimester, 573 during their 2nd trimester, and 737 during their 3rd trimester), of which 99% (1,656) were Alaska Native. Of these 1,656 Alaska Native women, we estimate that 1,160 (70%) returned for a postpartum visit, of which 1,149 (99%) re-enrolled in WIC postpartum. The remaining women were excluded from the database provided by the state of Alaska because of missing data on tobacco use or gestational age. Our sample of 832 therefore represents about half of the women enrolled in WIC during the time period 2001-2002.
Procedure
All women who enrolled in WIC received a face-to-face interview by a nutritionist at two time periods: (1) Prenatal Visit-at the time of application and enrollment into the WIC Program at the 1st visit, and (2) Postpartum Visit-at the time of re-enrollment into the WIC Program at the 6-week postpartum check.
Self-reported tobacco use status was assessed for three time points: during the 3 months before pregnancy, during pregnancy, and at 6 weeks postpartum. The questions used to assess tobacco use were consistent over the study period. Table 1 describes the timing of the assessments and questions used to assess tobacco use. The WIC forms assessed both ST use and cigarette smoking. Responses were recorded on WIC forms primarily as yes/no by the means of check boxes. For ST use, the WIC forms did not differentiate chewing tobacco, snuff, or Iqmik use; thus for analysis purposes a positive response to this response option was classified as ST use. Unlike cigarette smoking (see Table 1 ), data on frequency or amount of ST used was not assessed for any time point.
At the prenatal visit interview, women were asked to recall their use of ST and cigarette smoking during the 3-month-period before they learned they were pregnant.
The postpartum visit interview assessed current cigarette smoking and use of ST. Cigarette smoking and use of ST during pregnancy was ascertained at both the prenatal and postpartum visit interviews. Women were classified as using tobacco if they reported tobacco use during this pregnancy at either or both visits.
Statistical Methods
The percentage of women who reported using tobacco (cigarettes and ST) at each of the three time points was calculated and summarized using a point-estimate and 95% confidence interval (CI). Additional analyses were restricted to women reporting tobacco use before pregnancy. For this subset of women, the percentage reporting abstinence from smoking during pregnancy and at 6 weeks postpartum was summarized. A repeated measure analysis was performed for any tobacco use, ST use, and cigarette smoking using data from all three assessment points to examine if tobacco use status changed over time. This analysis was performed using generalized estimating equations (GEE) [15] with tobacco use status as the dependent variable and time as the independent variable. The GEE model was fit using a logit link function and an autoregressive (AR1) working correlation matrix.
For women who reported cigarette smoking before pregnancy, the prepregnancy rate of consumption was compared to that reported during pregnancy using the paired t-test. This analysis was restricted to women that reported smoking during pregnancy. Similar analyses were performed to assess change in cigarettes per day from prepregnancy to 6 weeks postpartum.
Data on age was compared for women that did and did not report tobacco use before pregnancy using the twosample t-test. Analyses were also performed separately for each tobacco product. Logistic regression was used to identify whether maternal age was associated with tobacco abstinence during pregnancy and postpartum for the subset of women who reported using tobacco before pregnancy. Analyses were performed for any tobacco use (cigarettes or ST) and also separately for each tobacco product. For the 6-week postpartum time point, the analysis was restricted to women who delivered a live birth (95% of the sample). In all analyses, two-sided tests were performed with P-values B0.05 used to denote statistical significance.
Results
Participants
The 832 Alaska Native women ranged in age from 14 to 44 years; mean (SD) = 26.3 (6.5), median = 25. 4 Table 2 shows the tobacco use status among the women before, during, and after pregnancy. These data show use of any tobacco use. For example, the rates for any ST use combine those who used ST only and those who both used ST and smoked cigarettes. The rates of any tobacco use were 48% (95% CI 45%, 52%) before pregnancy, 79% (95% CI 76%, 82%) during pregnancy, and 70% (95% CI 67%, 74%) at 6 weeks postpartum. Based on GEE repeated measures analysis, the use of any tobacco changed significantly (P \ 0.001) across the three time points. Moreover, the rates of ST use (P \ 0.001) and of cigarette smoking (P \ 0.001) significantly changed over time. Similar results were obtained when adjusting for age and length of gestation (P \ 0.001 in each case). We also examined the data from a different perspective of exclusive use of a tobacco product (ST only, cigarette smoking only). Figure 1 shows the rates for smoking only, chewing only, both, or neither at the three time points.
Maternal Age and Tobacco Use
Younger age was significantly (P \ 0.001) associated with any tobacco use before pregnancy. The average (SD) age 
Tobacco Use Patterns
We explored whether there was any evidence that women switched from cigarette smoking before pregnancy to ST use during pregnancy (Table 3) . Of the 281 women who reported smoking only before pregnancy, during pregnancy 31% reported smoking only, 15% indicated ST use only, and 48% reported both. Conversely, of the 70 women who reported use of ST only before pregnancy, 20% smoked only during pregnancy, 17% used ST only, but none reported both. Table 3 also shows that there were 432 women who did not use tobacco before pregnancy of which 75% used some form of tobacco during pregnancy, with most reporting ST use. Conversely, of 400 women who used tobacco before pregnancy, few (17%) were not using during pregnancy.
Cigarettes Smoked Per Day (CPD)
Women smoked relatively few CPD at each of the three time points. The number of women with available data on CPD was 324 of the 330 who smoked before pregnancy, 324 of the 348 who smoked during pregnancy, and 115 of the 155 women who smoked after pregnancy. The mean (SD) CPD for these respective time points was 5.6 (4.1), 4.0 (3.1), and 4.2 (2.8).
With respect to changes in CPD over time, 262 women reported both smoking before and during pregnancy, and had available data on CPD at both time points. Among these women, a statistically significant (P \ 0.001) mean (SD) reduction of 1.8 (3.3) CPD, range 8-19 was detected. Moreover, 101 women reported smoking both before and after pregnancy and had available data on CPD at both time points. For these women, we observed a statistically significant (P \ 0.001) mean reduction of 2.3 (4.1) CPD, range 5-19.
Tobacco Cessation
Among the 400 women who used any form of tobacco before pregnancy, 67 (17%; 95% CI 13%, 21%) reported no tobacco use during pregnancy and 122 (31%; 95% CI 26%, 35%) reported no tobacco use at 6 weeks postpartum. Older maternal age was significantly associated with an increased likelihood of quitting tobacco use during pregnancy (odds ratio [OR] = 1.10; 95% CI 1.06, 1.15, P \ 0.001) but maternal age was not associated with tobacco abstinence postpartum.
Postpartum Relapse to Tobacco Use
Sixty-seven women reported some type of tobacco use before pregnancy but no tobacco use during pregnancy. Of these, 42 women (63%) reported tobacco use at 6 weeks postpartum. The respective relapse rates for smoking and ST use were 18% (12 of 68) and 63% (59 of 94).
Discussion
This is one of the first studies to document tobacco use before, during, and after pregnancy in a large sample of Alaska Native women residing in Western Alaska. Consistent with earlier, smaller studies [7, 8] we found that tobacco use was very high [79%] during pregnancy. This a % reflect percentage of the N (denominator) for each row. For example, of the 432 who did not use any tobacco before pregnancy, 75% used tobacco during pregnancy. The sum of the percentages using no and any tobacco use add to 100% and the sum of the percentages using no tobacco and the percentages for smoking only, ST use only and both add to about 100%
was primarily due to the increase in use of ST from 14% before pregnancy to 60% during pregnancy. Our tobacco use rates can be contrasted to national rates of ST use among females in the US population [\0.4%] [5] , and to the rates of cigarette smoking during pregnancy that range from 4 to 20% depending on ethnic group [1] . Our results are consistent with an unpublished analysis from the statewide pregnancy risk assessment monitoring system [PRAMS] study [16] which examined tobacco use in a representative sample of 5,255 Alaska women who delivered a live infant during 1996-1999. Among non-Alaska Natives, 0.9% indicated prenatal ST use compared with 22.5% of Alaska Natives statewide. The rates of ST use (61%) and cigarette smoking (16%) were markedly higher among women residing in the Y-K Delta region. In addition to geographic region, younger age and less education were significant risk groups for prenatal ST use. Many women in our prior focus groups [13] reported switching from cigarette smoking to Iqmik use when they learned they were pregnant because they perceived it as safer. Somewhat in support of this hypothesis is the finding that among those who smoked cigarettes only before their pregnancy, 62% reported ST use during pregnancy. The reverse behavior was less common among those who used ST only before pregnancy, 20% of these women reported smoking during pregnancy. Nonetheless, most women who smoked before pregnancy but added ST use during pregnancy also continued to smoke and very few (15%) used ST exclusively during pregnancy. Thus, whether product switching occurs during pregnancy needs to be explored in future prospective work. Alternatively, women may add or use ST to help them cut down on their cigarette consumption, as indicated by the observation that the average number of CPD dropped over the course of pregnancy among women who smoked before pregnancy. The average CPD smoked during pregnancy (4.0) is consistent with national data [17] . In 2000, about seven in 10 women who smoked during pregnancy smoked less than 10 CPD [18] .
Limitations
This study has several limitations. First, we relied on an existing database of all women who enrolled in WIC and did not have access to non-respondents. Therefore, we are unable to evaluate whether our sample of about half of all WIC enrollees is similar to or different than all enrollees. Second, because we relied on an existing, administrative database we are unable to validate the data collected, either at the time of collection or through review of corresponding medical records. Moreover, we were limited by the questions used to assess tobacco use in the WIC program. In particular, the ''dose'' (frequency or amount) of ST used before, during, or after pregnancy was not assessed, and Iqmik use was not distinguished from commercial ST use. However, prior research indicates that Iqmik is the most common form of ST used among Alaska Natives residing in Western Alaska [7, 8, 11, 13] . The WIC data also relied on self-reported tobacco use status and biochemical confirmation was not conducted.
The rates of tobacco use and cessation must be interpreted with caution as the number of women that received intervention for tobacco use is not known. Moreover, the pattern [e.g., by age group) of such interventions may have affected study results as well. However, while all obstetrical providers ask about tobacco use, they lack a mechanism to refer tobacco-using patients to the Nicotine Control and Research Program. Thus, very few women would be expected to have participated in this program. Moreover, no systematic programs or resources are available in the villages for tobacco cessation.
Implications for Research and Practice
Other subgroups of women in the US report high ST use rates [19] when compared to overall national data [5] , and some populations worldwide report increased rates of ST use during pregnancy. A growing body of evidence suggests maternal ST use poses risks to both the mother and infant [2-4, 17, 20] . Collectively, the public health implication of these findings is to alert researchers and health care providers in other geographic areas to monitor ST use among women of childbearing age. For example, statewide surveys such as the PRAMS could add core questions on ST use during pregnancy.
This project addressed a community need in that the health and welfare of the children are paramount [13] . Together with the Yukon-Kuskokwim Health Corporation Board of Directors, we have developed a long-term plan to address this community need, which includes prevention of and intervention for tobacco use. Three quarters of the women in our sample who did not use any tobacco before their pregnancy reported prenatal tobacco use, and most of these used ST during pregnancy. Thus, even among women who report no tobacco use before pregnancy, ST use should be queried at every prenatal visit. The reasons why women begin using ST during pregnancy, including sociocultural and psychosocial factors, need exploration. In addition, educational efforts need to be developed, implemented, and evaluated that target Alaska Native women as early as possible to prevent smoking and other tobacco use during pregnancy.
Findings from the current study served as the basis for development of a prenatal tobacco cessation intervention program for Alaska Native women of the Y-K Delta region. From our focus groups [13] , we learned that interventions that can be delivered via telephone or video are likely most feasible. Moreover, most participants recommended the use of personal stories by appropriate role models as a potentially acceptable intervention component. Two important learning mechanisms among Alaska Native people are role modeling and story telling, both of which can be incorporated into a video [21, 22] . Personal stories or talking circles have been used to preserve traditions of the Native culture, to explain health and illness, and serve social modeling functions and as teaching tools [23] . Thus, a video highlighting personal stories of Alaska Native pregnant women who have quit tobacco may be an effective intervention component.
